Published by The RAND Corporation m iii PREFACE The high-frequency electromagnetic pulse radiated from a nuclear explosion presents a possible detection mechanism for nuclear explosions. However, since receivers for such signals are generally at a great distance from the actual explosion, it is necessary to con- From all these considerations, it is clear that propagation effects will very strongly modify the pulse shape and pulse amplitude relative to free space. 
From all these considerations, it is clear that propagation effects will very strongly modify the pulse shape and pulse amplitude relative to free space. The frequency of the principal mode of the natural oscillations of a sphere o2 radius a is /3 c/(4TTa) -." (40/a. ) Kc, whence it is clear that the portion of the signal arising from the decay of the ionization will be at VLF and LF.
The radiation of such signals around the earth has been considered rather thoroughly by Wait, Johler, and their collaborators.
They show that VLF signals are so modified by propagation that at sufficiently great distances virtually all signals look alike.
The detailed structure of the source signal will not be considered.
However, the electronic conductivity associated with the ionization electrons will dr«cay by attachment to oxygen, and this process has a characteristic time of .01 M-sec at sea level. The high-frequency source will therefore have a rapid rise, determined by the gamma-ray production rate, and will be essentially gone in about 1 H>sec. Depending on the altitude of burst, the peak electric field intensity in volts per meter at a distance D km from the burst point may be between 10 /D and 10 /D for free-space propagation conditions.
High-frequency electromagnetic radiation may propagate over the earth via ground wave or ionospheric reflection. Thus, a relatively close receiver could observe the ground wave, and a more distant one, working at frequencies below the maximum operating frequency for the path between the burst and the receiver, could observe one-or multiplehop sky waves.
The ground wave will experience severe attenuation as it propagates over the earth, with the higher frequencies suffering most. The ionospheric waves, re'lected and transmitted, suffer relatively little attenuation, but are strongly dispersed, leading to limitations on the pulse length which can be resolved. Selecting 340 km as a characteristic distance for ground waves, and 3000 km for sky waves, the modifications of a pulse in propagating . ' : rom a reference distance of I km to an appropriately selected receiver shall be c.scertained. In general, the conductivity is sufficiently high that the displacement current in the ground may be neglected. The parameter 6 then simplifies has an extreme value when its derivative with respect to ka vanishes.
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II. PROPAGATION OF PULSES
The corresponding value of k will be called k . Even the steady-state ionospheric theory indicates a very complex pattern for long-range high-frequency propagation. Multiple hops and the presence or absence of certain ionospheric layers may make propagation over long paths highly erratic. When pulses are transmitted, the multiple reflections may cause the appearance of several pulses at the receiver. The effects to be considered will bo. analyzed on the asbumption that the receiver frequency and bandwidth are selected so that the multiple pulses do not overlap.
Under conditions such that D-and E-layer absorption is negligible, ionospheric propagation at high frequencies to a distance of about 3000 km displays relatively little attenuation. Hence, the amplitude of the received signal falls essentially as inverse distance. The signal may typically be from 6 to 10 db below free spa^e. However, the height of reflection is a function of frequency, and the signal components at different frequencies experience different amounts of delay. This dispersive effect causes an initially sharp pulse to be spread out in time and reduced in amplitude. This change in pulse shape will be analyzed here, under certain approximations which may be proved mutually consistent.
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The ionospheric characteristics for each hop will be approximated by a constant attenuation factor K, and a time delay T which is a function of frequency. The source pulse will be represented by its Fourier spectrum A(f). Then the signal arriving at the receiver is given by
E(t) -|J df A(f) .""'^W (25)
The With the bandwidth and pulse shape established, it is row required to evaluate the delay and dispersion characteristics of the ionosphere.
Very elaborate ray-tracing programs have been developed tc permit cal-
(9)
culation of phase and group delay on a digital computer. ' However, the calculation of dispersion from these programs is very difficult, and it is more expeditious and sufficiently accurate to vply an analytic procedure developed by Kift. The first term is the propagation time of a ray reflected from the lower boundary of the ionosphere. All the frequency dependence is in the second or penetration term. Equation (35) can be differenciated to obtain the dispersion. There results
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Equations (3j) and (36) Table 1 . Even fo the widest relative bandwidth (1300 Kc at 6 Mc), and for an inverse square law dependence of spectral amplitude on frequency, the amplitude variation across the band is only + 23 per cent. This result justifies the approximation of constant spectral amplitude.
It may be deduced from Table 1 that for a receiver whose bandwidth equals the iunospheric dispersion B , the output pulse will have a width of 0.6 to 2.0 ixsec at 3000 km range when the source signal is a delta function.
The attenuation of the sky wave below free space at 3000 km is about 6 db, whence the total amplitude reduction K/D is about 1/6000, -4 From Eq. (30), the peak signal output will then be about 1.5 x 10 B A(F). It may be observed from Table 1 The spectrum thus has a transition near 15 Mc. At :he frequencies of Table 1 , the source spectrum A(F) is decreasing at a rate between F -2 -3/2 and F , so the overall output is decreasing at a rate between F From all these considerations, it is clear that propagation effects will very strongly modify the pulse shape and pulse amplitude relative to free space. This paper indicates the type and magnitude of some of the effects.
